UPPER NOLE: CAT
LOWER NODE: DIST
CURRENT STATE OF UFFER NODE i

1.2

2.9

e.e
F $.7
R
b e.¢
a
B 0.5 p———3fF——
g g
Yoe.dd ‘
1 |
- l
y 0.3 |

Figure 3-2

UFPER NODE: CAT
LOWER NODE: DIST
CURRENT STRTE OF UPPER MNODE: 1

CH=r=2drOowy

Figure 3-3

19

NORMALIZE

RETUEN




exhaustive set, their probabilties must sum to 1.0. The
analyst touches NORMALIZE with the light pen, and the program
normalizes the distribution by Kkeeping the ratio between the
two probabilities the same, but making sure the probabilities
sum to 1.0 [Figure 3-4]. Satisfied that this is a good
initial representation, he touches RETURN with the light pen,
and the program proceeds to the next assessment [Figure 3-5].
At this point, the analyst is unsure of the distribution when
the division is in category 2, so he does not touch the histogram,
but proceeds by touching RETURN. The program presents the
display for level 3 [Figure 3-6]. Here the analyst believes
that it is very unlikely that a category 3 division would be
near the border, so he decreases the probability of a distance
near the border, and increases the probability of a longer
distance [Figure 3-7). Finished with this assessment for the
moment, the analyst touches RETURN.

The program now displays the complete distribution in
matrix form [Figure 3-8]. The analyst decides that a figure of
.15 is about right for the probability that a category 3
division will be near the border, but wishes to change the
probabilities to round numbers. To change any probability in
the matrix, the analyst must touch it with the light pen. He
touches the number .145 with the light pen, it disappears from
the screen [Figure 3-9], and the program requests the new value
[Figure 3-1, line 5]. He enters .15 [line 6], and the program
displays the new probability [Figure 3-10]. The analyst now
wishes to change the number .855 to .85. He does this because
he knows that the columns in the matrix must be normalized
before they are used in computing the composite likelihood
distribution. If he does not change the .855 probability, the
program will normalize the column, and neither of the proba-
bilities will be round numbers. He touches the number, it
disappears from the screen [Figure 3-11], the program requests
the new number [Figure 3-1, line 7], he types it in [line 8],
and the new number is displayed [Figqure 3-12].

Having made this assessment, the analyst now believes that
if the division were in category 1, it would be a little more
likely to be near the border than he originally thought. He
wishes to use the probability histogram to reassess the proba-
bilities, so he touches the column heading for the first
column. The program displays the probability histogram reflec-
ting his current assignment of probabilities [Figure 3-13].

The analyst now believes that it is three times as likely for a
category 1 division to be near the border rather than far from
the border, so he increases the probability of state 1 to .9,
and then decreases the probability of state 2 to .3 [Figure
3-14] to represent the ratio 3:1. He touches NORMALIZE, the
program normalizes the probabilities [Figure 3-15], he touches
RETURN, and the program returns to the matrix [Figure 3-16].
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Next, the analyst decides that the probability distribu-
tion associated with a category 2 division is the same as the
probability distribution associated with a category 1 division.
In other words, the two types of divisions are equally likely
to be located near the border. 1In this case, rather than
changing both numbers in the matrix, the analyst decides to
change one of them so that their ratio is 3:1. He touches the
lower probability in column 2 with the light pen, it disappears
[Figure 3-17]; the program requests a new value [(Figure 3-1,
line 9], he types in .16667, which is a third of .500 [line
10}, and the new number is displayed [Figure 3-18]. Now the
analyst touches NORMALIZE with the light pen, and all columns
in the matrix are normalized [Figure 3-19]. Having completed
his assessment of this distribution, the analyst touches FILE
DISTRIBUTION, and the program stores his assessments and
returns to the tree structure diagram [Figure 3-20].

3.2 CASE 2: Discrete Upper Variable, Continuous Lower Variable

The analyst next touches ASSESS and selects the con-
nection between CAT and EQUIP. The program, as usual, begins
the assessment of the likelihood distribution by verifying the
identity of the variables and the number of states associated
with each [Figure 3-21, lines 1 through 4]. The program
proceeds by obtaining a likelihood distribution for each state
of the upper-level variable. To define each distribution, the
program requires the minimum value of EQUIP when CAT is in
state 1 [lines 5 and 6]. The analyst assesses that if the
division is in category 1, the minimum percentage of full-strength
equipment that it would have is 70 percent, so he enters 0.7
[line 7). The program then asks him for the maximum value of
EQUIP given that category is in state 1 [line 8], and he enters
100 percent [line 9].

At this point, the program displays an initial likelihood
distribution for EQUIP given that the division is in category 1
[Figure 3-22). The analyst believes this distribution is a
good representation of the true distribution, at least as a
first pass, so he selects RETURN with the light pen. The
program next asks the analyst for the minimum value [Figure
3-21, lines 10 and 11] and maximum value [line 13] of EQUIP
when CAT is in state 2, and the analyst specifies the values 40
percent [line 12] and 100 percent [line 14]. As before, the
program displays a symmetrical curve between these two values
[Figure 3-23], but since the analyst does not believe the true
distribution is symmetrical, he decides to change it. He
believes that, although it is possible that the division would
have 100 percent of its full-strength equipment if it is in
category 2, it is much more likely to have somewhere in
the range of 60 percent of its full-strength equipment. This
means that the bulk of the distribution should be over the left
part of the range, so the analyst touches the circles on the
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category 2 around 4,500 to 5,000 personnel should be a little
steeper, so he wishes to alter his assessment at the point
4,500. In order to do this, he only has to touch the appro-
priate assessment bar, and the program will display the proba-
bility histogram for that assessment, showing his previously
assessed values [Figure 3-59]. Upon consideration of this new
assessment, the analyst decides that a division which has 4,500
personnel is egually likely to be either a category 2 or a
category 3 division. He touches the light pen to the bar over
category 2 and lowers it until 1t has the same height as the
bar over category 3 [Figure 3-60], touches NORMALIZE (Figure
3-61], and RETURN. The program displays the new likelihood
distribution [Figure 3-62). At this point the analyst is
satisfied with the likelihood distribution, so he touches FILE
DISTRIBUTION with the light pen. The program displays the
likelihood distribution without the assessment bars [Figure
3-63], files the distribution, and returns to the display of
the tree structure [Figure 3-64).

3.4 CASE 4: Continuous Upper and Lower Variables

The next assessment which the analyst wishes to make 1is
the likelihood of various barracks capacities given possible
personnel strengths. However, the likelihood distribution
which links PERS with BARCAP is really a likelihood surface,
since both variables are continuous. This likelihood surface
is approximated in the procedure by a number of distribu-
tions oriented in one direction; that is, a set of likelihood
distributions showing the likelihood of each of the possible
values of the lower-level variable given particular values of
the upper-level variable. These distributions are used by the
program to fill in the complete distribution surface.

The analyst touches ASSESS, then the connection between
BARCAP and PERS. The program first verifies the identity of
the connected variables [Figure 3-65, lines 1 through 4], then
requests the minimum and maximum values of the upper-level
variable [lines 5 and 7). The analyst believes personnel
strength for this division to be somewhere in the range from 0
to 10,000, so he enters these values [lines 6 and 8)]. The
program next asks the analyst for the current value of PERS,
that is, the value currently assumed to be true hypothetically
[line 9]. The analyst may give these values in any order, and
they need not be complete, since he will be given an opportunity
to change, add, or delete assessments later. The analyst
begins by hypothetically assuming that personnel strength is
known to be 1,000 (line 10]. The program then asks the analyst
for the conditional minimum and maximum values of BARCAP [lines
11, 12, and 14]. The reason that the program requests minimum
and maximum values for each conditioning value of the upper-level
variable is that, for any given value of the upper-level
variable, a large portion of the total range of values may have
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a very small probability. 1In such a case, it would be difficult
for the user *to describe the shape of the curve in the small
range having a significant probability.

The analyst specifies that if personnel strength is known
to be 1,000 men, then barracks capacity must be greater than
1,000 and could be as high as 8,400 [lines 13 and 15]. At
this point, the program draws a symmetrical distribution
between the minimum and maximum values of BARCAP [Figure 3-66].
(NOTE: This is exactly the same display that the analyst
encountered in CASE 2.) The analyst begins specifying the shape
of the distribution by moving the circles. 1In this case, the
analyst believes that it is much more likely that the barracks
capacity will be nearer to 1,000 men than to 8,400 men if the
true personnel strength is equal to 1,000 men, so he moves the
circles to the left |[Figure 3-67]. He then touches MOVE CURVE
with the light pen, and the program shifts the curve to fall
through the circles [Figure 3-68]. He is satisfied with the
distribution, so he touches RETURN with the light pen, and is
presented with a new menu [Figure 3-69). He wishes to make
more assessments, so he touches YES.

The program requests information as before. It first asks
for the value of the upper-level variable currently assumed to
be true [Figure 3-65, line 16]. The analyst specifies 2,000
[line 17], the program requests the maximum and minimum values
of BARCAP [lines 18, 19, and 21], and the analyst specifies the
range 2,000 to 8,700 [lines 20 and 22}. The program displays
the curve [Figure 3-70], the analyst moves the circles to the
left [Figure 3-71] and touches MOVE CURVE. The program moves
the curve [Figure 3-72], the analyst touches RETURN and is
asked if he wishes to make more assessments [Figure 3-73]. He
touches YES.

The analyst proceeds in this fashion to specify a number
of distributions [Figure 3-65, lines 23 through 71 and Figures
3-714; 3-75, 3-76, 3-77, 3=18, 3-79, and 3-80]. Note that these
distributinns differ only slightly in shape, but the ranges
associatec with the distributions are quite different. Thus,
the normalized shapes of the distributions will be quite
different. When he has reached the last distribution he wishes
to assess and is asked whether he wishes to make another
[Figure 3-81], the analyst simply touches NO with the light
pen. Having completed, at least initially, the set of assess-
ments for this distribution, the program displays the complete
likelihood distribution [Figure 3-82]. Here the x-axis repre-
sents the upper-level variable, PERS, and the z-axis (extending
into the background) represents the lower-level variable,
BARCAP. Thus, each curve represents the probability over the
possible values of BARCAP given the particular value of PERS
determined by the point at which the curve touches the x-axis.
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At this point, the analyst may add more assessments,
delete assessments, or change assessments he has already made
in exactly the same fashion as he did in CASE 2. To change an
assessment, he only needs to touch the curve he wishes to
change with the light pen. To add an assessment, he touches
ADD ASSESSMENT with the light pen, and the program requests the
necessary information about the current value of PERS and the
minimum and maximum values of BARCAP, and displays the assessment
curve. To delete an assessment, the analyst touches REMOVE
ASSESSMENT, and then touches the curve for the assessment he
wishes to delete. 1In this case, the analyst is satisfied with
all of his assessments, o he touches FILE DISTRIBUTION and
returns to the structure display [Figure 3-83].
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4.0 PROCESSING THE MODEL

Now the analyst wishes to process the model to obtain the
composite likelihood distribution. Before processing, however,
he wishes to check whether he had previously assessed the
likelihood distribution relating barracks capacity and barracks
area. He touches EXAMINE, and then touches the arrow connecting
AREA to BARCAP. The program responds by finding the distribu-
tion (if it exists) and displaying it. 1In this case the
distribution does exist so the program displays it [Figure
4-1].

Having satisfied himself that the correct distribution is
present, the analyst touches RETURN, and the program returns
to the tree structure [Figure 4-2]. He then touches PROCESS
with the light pen, and the program begins processing starting
with the data nodes. 1In this example, the only data node which
has more than one state is the DIST node. The program types
DATA NODE "DIST" HAS MORE THAN ONE STATE. WHICH STATE HAS BEEN
OBSERVED? ([Figure 4-3, lines 1-2]. The analyst knows that the
division is near the border, so he types "1" for the state of
the variable DIST ([line 3].

The program processes the remainder of the tree, finding
the distributions it requires, and produces the composite
likelihood distribution [Figure 4-4]. 1In this example, it has
been assumed that the analyst had previously assessed most of
the distributions prior to the current session. If any of the
distributions were missing or were assessed in a manner incon-
sistent with the present model (such as having the wrong number
of states associated with a variable), the program would have
halted at the point of the error and informed the analyst of
the location in the tree of the missing or inconsistent data.
Then the analyst could either assess the required distribution
or save the model for use at a time when he wished to supply
the missing distribution.

The composite likelihood distribution shows the relative
likelihood that any particular state of the upper-level variable
(in this case, PERS) would have produced the observed data. 1In
order to infer the probable strength of the division, the
analyst would combine this composite likelihood distribution
with the prior distribution (the probability distribution
representing the analyst's belief about the strength of the
division prior to receiving any specific information) by using
Bayes' Theorem. This would give him the posterior distribution
(the distribution over personnel strength based upon all the
data).
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The composite distribution shows that the most likely
personnel strength to have produced the observed data is around
7,500 men, and any division with a personnel strength of less
than 5,000 men or greater than 9,000 men is extremely unlikely
to have produced the data. In addition to the composite
likelihood distribution, the analyst may also inspect specific
portions of the model in order to discover how different
factors in the model contributed to the final composite likeli-
hood distribution using the EXAMINE option. For example, the
analyst is interested in the effect that the observed barracks
area, OBS, had on the final likelihood distribution for person-
nel strength, PERS. He first touches RETURN, the program
displays the tree structure [Figure 4-5], then the analyst
touches EXAMINE, and the arrow connects PERS to BARCAP.

The program displays the relative likelihood for all the data
below PERS (in this case, the only data node is OBS), given
each possible value of PERS [Figure 4-6). He can see that the
information about cbserved barracks area gives only a very
vague 1dea of the personnel strength, since the data must pass
through two intervening variables: true barracks area (AREA)
and barracks capacity (BARCAP). The uncertainty associated
with each of these nodes results in a diffuse distribution at
PERS. The analyst wishes to return to the main diagram, so he
touches RETURN (Figure 4-7).

The analyst is also curious about the contribution made to
the likelihood distribution over category by the observed
equipment, COUNT. He touches EXAMINE, then touches the arrow
connecting EQUIP to CAT. The program displays the likelihood
distribution of all data below EQUIP (in this case just COUNT)
given each possible state of CAT [Figure 4-8]. Since CAT is a
discrete variable, the likelihood distribution is simply a row
vector, showing the relative likelihood that each type of
category would produce the observed equipment count. Thus, the
most likely readiness category, if one depended solely on
equipment count, would be category 1. The analyst touches
RETURN, and the program returns to the tree display [Figure
4=9]) .

This completes all the assessments which the analyst
wishes to make by using the model at this time. However,
because he wishes to make further use of the model in the
future, he touches SAVE MODEL with the light pen, and the
program saves the model. To conclude the session, he touches
STOP.
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Figure 4-5
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Figure 4-7
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